Background
Introduction
Psoriasis, a chronic inflammatory T-cell-mediated disease, affects 2-3% of the general population and was considered a disease limited to the skin and joints. [1] [2] [3] [4] Recent research has emphasized that psoriasis is a multisystemic disease associated with a variety of comorbidities, such as cardiovascular disease, diabetes, and chronic renal diseases. [5] [6] [7] [8] [9] [10] However, only few small studies or case reports have been published regarding the pancreas dysfunction or acute pancreatitis in psoriasis. [11] [12] [13] And the study investigating the risk of chronic pancreatitis (CP) in psoriasis is lacking.
CP, an irreversible inflammatory disease of the pancreas, is characterized by chronic inflammatory cell infiltration and acinar cell degeneration, leading to progressive destruction of exocrine and endocrine tissue and fibrosis. [14] Moreover, patients with CP have a higher mortality and morbidity than the general population. [14] [15] [16] Chronic pancreatitis may have an insidious onset or develop following episodes of acute pancreatitis. Emerging work had strongly suggested autoimmune diseases, including rheumatoid arthritis, Sjogren's syndrome, and inflammatory bowel disease, are frequently associated with autoimmune pancreatitis. [17] [18] [19] [20] [21] Acute pancreatitis has also been related to long-term use of immunosuppressives. [22] [23] [24] [25] Moreover, there is a shared common factor between CP and psoriasis, including hyperlipidemia, chronic renal failure, and cigarette smoke. [8, 14] Therefore, we assessed the risk of CP in a large nationally representative, population-based cohort of Chinese patients with psoriasis from Taiwan.
Materials and Methods

Study Design
The design of this study was a retrospectively cohort study. We took advantage of populationbased claim data from National Health Insurance (NHI) to identify psoriasis patients during [2004] [2005] [2006] . We matched these patients with general non-psoriasis population during 2004-2006 by age and gender, and follow up their incidence of CP for at least five years. Cohort entry of patients with psoriasis was the date when psoriasis was first diagnosed; matched subjects without psoriasis were assigned the same entry date. This protocol was approved by the Investigational Research Bureau of National Taiwan University Hospital Hsin-Chu Branch (103-024-E).
Data sources
The Taiwan National Health Insurance Research Database (NHIRD) is an administrative database, compiled by the Taiwan National Health Research Institutes, which is widely used in academic studies. Because the Taiwan NHI program covers nearly 100% of approximately 23 million Taiwan residents, the NHIRD stores data from a very large number of individuals. This compulsory health insurance program provides comprehensive benefits, including ambulatory care and inpatient services. Therefore, NHIRD holds detailed information that includes registration files, demographic data, clinical visits and hospitalizations, diagnostic codes, prescription profiles, and procedures and surgeries. Patients' identities are encrypted to protect privacy. In order to ensure the accuracy and reliability of coding, the Bureau of the NHI of Taiwan performs random crosschecking and peer reviews, requires justification for any claim by another independent physician, and imposes heavy fines for false claims, overcharging, or malpractice for fraudulent claims. Thus, the NHIRD data are generally accepted as accurate and reliable.
This study used two sources in the NHIRD to identify patients with psoriasis and matched subjects: 1) a dataset that included claims from all patients with psoriasis in Taiwan 
Study population
The cohort of patients with psoriasis included all individuals diagnosed with psoriasis (International Classification of Disease, Ninth Revision, Clinical Modification [ICD-9-CM] codes 696.0, 696.1, 696.8) between January 1, 2004, and December 31, 2006 . For data accuracy, only individuals diagnosed twice with psoriasis by dermatologists during ambulatory visits or inpatient care were included. The date of the first psoriasis diagnosis was designated as the index date from which follow-up began. We further excluded subjects younger than 18 years, patients who had a history of chronic or acute pancreatitis (ICD-9-CM codes 577.0 and 577.1), or pancreatic cancer (ICD-9 code 157) before the index date.
We extracted the control subjects from the LHID2000. We first excluded every subject who had received a diagnosis of psoriasis in the LHID2000. For each psoriasis patient, four subjects without psoriasis, matched on age and gender, were randomly selected from the LHID2000. The index date for the control cohort was corresponding to that given by each matched case. We also ensured that subjects selected for the control cohort had never been given a diagnosis of pancreatitis or pancreatic cancer before their index date (Fig 1) . Psoriasis patients were classified into groups with severe and mild psoriasis. Criteria defining severe psoriasis were having received systemic antipsoriatic therapy and/or phototherapy at least once during the first 3 years of follow-up. Patients who had never received systemic antipsoriatic therapy and/or phototherapy were designated as having mild psoriasis. Patients were also classified into groups with psoriatic arthritis (PsA), which was defined as those with at least 2 claims using ICD-9-CM code 696.0 during the same period; otherwise, patients were considered to have psoriasis without PsA.
Outcomes
The primary outcome was defined as first ambulatory visit or hospitalizations for CP (ICD-9-CM code 577.1), no matter the patients were alive or passed away after the CP event. All subjects were followed up from the index date until the incidence of CP or censored at the end of study period or the date of disenrollment (which is due to death most of the time).
Statistical analysis
The main analysis assessed time to the first CP. Patients who did not have CP before death or the end of the study were censored. We used the chi-square test to examine associations between the two CP exposure groups (Y/N) for categorical variables. Stratified Cox proportional hazards models were used to estimate the risk of CP. The multivariate models included adjustments for the following: (1) model 1: demographic variables (age groups, gender), cardiovascular conditions, and medical history (cholelithiasis (ICD-9-CM 574), hypertension (ICD-9-CM 362.11, 401-405, and 437. . Moreover, because we did not want to lose observations of treated subjects and wanted an interpretable overall treatment effect, we further used propensity score weighting to re-analyze the results. Weighting would allow us to estimate both the average treatment effect of the entire population (ATE weighting) and that of the treated (ATT weighting). [26] The ATE is "the average effect of moving an entire population from untreated to treated." For the ATE weighing, we applied stabilized ATE weighting because it can deal with the extreme values of propensity scores. The ATT is "the average effect of treatment on those subjects who ultimately received the treatment." [26] In subgroup analyses, each subgroup compared with their matched subjects, and risks analyzed as above. Multiple sensitivity analyses were performed to test the underlying assumptions of our primary analysis and the robustness of our findings. All p-values were two sided, with p<0.05 considered statistically significant. All statistical analyses were performed using SAS version 9.2. Table 1 shows the sociodemographic characteristics in subjects with and without psoriasis. Patients with psoriasis were more likely to have diabetes (10.92% vs. 7.48%, P < 0.001), hypertension (22.0% vs. 16.3%, P < 0. 001), hypertriglyceridemia (0.99% vs. 0.68%, P < 0.001), cardiovascular disease (11.65% vs. 8.63%, P < 0.001), alcohol-related illness (1.55% vs. 0.92%, P < 0.001), obesity (0.37% vs. 0.20%, P < 0.001), chronic obstructive pulmonary disease (6.72% vs. 4.62%, P < 0.001), hepatitis C (0.94% vs. 0.57%, P < 0.001), and cholelithiasis (1.26% vs. 0.99%, P < 0.001) than people without psoriasis at the baseline ( Table 1) .
Results
The incidence of CP during a mean 6.6-year follow-up period was 0.61 per 1000 personyears in patients with psoriasis and 0.34 per 1000 person-years in controls. Before adjustment, patients with psoriasis had a significantly higher risk of CP (crude HR 1.81; 95% CI 1.53-2.15), which remained significant after adjustment (adjusted HR [aHR] 1.76; 95% CI 1.47-2.10) ( Table 2) . We further grouped patients with psoriasis into those with mild or severe psoriasis and those with or without PsA. All psoriasis patient subgroups, including those with mild (aHR 1.81; 95% CI 1.50-2.19) and severe (aHR 1.68; 95% CI 1.02-2.78) psoriasis and those without arthritis (aHR 1.94; 95% CI 1.60-2.37), had significantly increased aHRs for CP, except those with arthritis (aHR 1.20; 95% CI 0.81-1.79). (Table 2) . Next, we investigated the association between concomitant drug and the risk of developing CP ( Table 3) . Our data analysis compared psoriasis patients who had used and those who had not used a specific anti-psoriatic drug. Exposure to non-steroidal anti-inflammatory drugs (NSAIDs) (aHR 0.33; 95% CI 0.22-0.49) and methotrexate (aHR 0.28; 95% CI 0.12-0.64) therapy were associated with a decreased risk of CP after adjustment for age, gender, comorbidities, and other medications. Cyclopsorine, azathioprine, cyclophosphamide, acitretin, and hydroxyurea use didn't show a significant association with the risk of CP.
To further verify the robustness of the primary results, we performed sensitivity analysis ( Table 4) . Primary model with propensity score weighting was used to control for selection bias between psoriasis and comparison groups. The results were similar to the primary analyses. Moreover, patients with severe psoriasis had a higher aHR for CP than those with mild 
Discussion
CP is meant to be an irreversible process of damage to the pancreatic tissue and thus eventually causes a variety of morbidity, including debilitating pain, progression to diabetes, and pancreatic cancer. [16] Moreover, patients with CP had a 4-fold higher mortality than the general population. [15] A recent observational study using the UK General Practice Research Database showed that psoriasis patients have an increased risk of pancreatic cancer (Incidence rate ratios 2.20; 95%CI 1.18-4.09) and the risk increased with duration of psoriasis. [27] Although the actual mechanisms contributing to the association between CP and psoriasis remains to be elucidated, the role of the immune system and inflammatory process might be the pathogenic link between the two conditions. In both mouse and human studies, inflammation has been shown to be a precursor to CP. [28] [29] The pivotal mediators of inflammation in psoriasis, including tumor necrosis factor (TNF) -α, interleukin (IL)-1, IL-17, and IL-18, are also overexpressed in patients with pancreatitis and their expressions are related to the severity of pancreatic destruction and eventual mortality. [28, [30] [31] [32] [33] Mews et al. showed that persistent activation of the stellate pancreatic cells by TNF-α and IL-1 could be a factor in the progression of CP. [34] [35] In murine models, TNF-α has been shown to induce severe pancreatitis and be involved in subsequent pancreatic fibrosis by inducing TGF-β. [29] Moreover, previous studies have pinpointed that TNF-α308G/A polymorphism, a genetic predisposition to influence TNF levels, is significantly associated with the risk of developing both psoriasis and CP. [34, 36] Accordingly, CP, like psoriasis, is also an immune-mediated disease, at least in part. Prior research has also shown that aberrant autoimmunity in patients with immunodeficiency disorders may predispose them to having gastrointestinal or pancreatic disorders and skin diseases, including psoriasis. [37] [38] [39] [40] Thus, deficiencies in immunohomeostasis might be the link between psoriasis and chronic pancreatitis. Our data showed that the incidence and HR of CP were greater in patients with psoriasis than control subjects after adjusting for potential confounding factors. Moreover, the risk for CP increased in parallel with the severity of psoriasis (ATE propensity scoreweighted model). The finding was in agreement with the aforementioned studies and suggested that the involvement of other factors intrinsically linked to psoriasis, such as dysregulation of the immune system, predisposed patients with psoriasis to the development of CP.
Further evaluation regarding the effect of antipsoriatic drugs on the new onset of CP in patients with psoriasis showed that exposure to NSAIDs and methotrexate were associated with a reduced HR than non-exposure. This result was consistent with previous studies. [ [41] [42] Prior research had suggested that administration of NSAIDs may significantly reduce the risk of acute pancreatitis after retrograde endoscopic cholangiopancreatography, which was proposed to be caused by activation of chemokines after endoscopic maneuvers. [41] [42] A recent study also showed that methotrexate may reduce inflammation-related cytokine levels in acute pancreatitis [43] and relieve disease progression. Moreover, methotrexate had been used as an alternative treatment in azathioprine and 6-mercaptopurine induced pancreatitis in patients with inflammatory bowel disease. [43] Cyclosporine, azathioprine, cyclophosphamide, and hydroxyurea have been reported to induce and exacerbate acute pancreatitis. [44] [45] [46] [47] [48] Consistent with these studies, our study found that psoriasis patients taking cyclosporine, azathioprine, cyclophosphamide, and hydroxyurea had an increased risk of CP, though the associations were not statistically significant, probably due to small number of patients who exposed to these drugs.
Acitretin therapy may cause changes in the serum lipid profile resulting in hyperlipidemia in some patients. [49] [50] In clinical trials, with doses ranging from 10 to 75 mg/day of acitretin, elevation of triglyceride levels (defined as >20 mg/dL) were noted in 66% of patients. [50] However, only one case treated with acitretin of fatal fulminant pancreatitis has been reported. [50] In agreement with previous reports, our results showed that acitretin use was not associated with significantly increased risk of CP. A possible explanation is increases of serum triglycerides to levels associated with pancreatitis are not common during acitretin therapy.
We also investigated the risk conferred by psoriasis in different patient subgroups. The HRs for CP were significantly increased in all subgroups, including those with mild and severe psoriasis and those with and without PsA. However, the risks for CP in patients with PsA were not significantly higher than those without PsA. The results may be attributed to multiple factors. The more frequent use of NSAIDs for pain associated with arthritis in patients with PsA might at least partially reduce the risk of CP compared with that for patients without PsA. This was probably due to the fact that when the risk was already elevated, mainly owing to psoriasis, the presence of concomitant arthritis did not have any additional effect. It is also possible that patients with PsA might have higher frequencies of comorbidities in these subgroups, which attenuated the additional effects conferred by arthritis on the risks for CP.
Several important limitations of our study should be considered. First, the diagnoses of CP and psoriasis used in our study relied on administrative claims data. Patients may be underdiagnosed or overdiagnosed with CP, resulting in misclassification bias. However, nondifferential misclassification bias would bias the results toward the null. Moreover, as mentioned above, an internal validation system exists for the accuracy of each claim included in the NHIRD. Previous reports have also confirmed the reliability of the diagnosis accuracy of psoriasis and pancreatitis based on ICD-9 codes. [6, 18, 51] A recent study by Shen et al. also validated the diagnostic code of acute pancreatitis, showing a positive predictive value of 90.0% (95% CI, 79.2-96.2%). [52] To further validate the results, we used a more rigorously defined outcome (e.g., CP with compatible orders of preceding imaging or laboratory examinations) in the sensitivity analysis and found results similar to those of the primary analyses (Table B in S1 File). Second, the NHRID does not provide some covariables such as behavior risk factors (the amount of daily alcohol consumption and tobacco use) due to the inherent limitation of the database. However, some of these unmeasured confounders may have been controlled by including alcohol dependence, tobacco use disorder, chronic obstructive pulmonary disease, and other comorbidities as an alternative covariable in the analyses. Third, we relied on treatment with systemic therapies or phototherapy as a surrogate marker for severe disease. However, it is possible that physicians are less likely to give systemic medications to patients with severe psoriasis with coexisting medical illnesses out of concern for systemic adverse effects. It is likely that there is misclassification with regard to psoriasis severity as with all epidemiologic studies. However, the reliability and validity of using these methods for grouping severe psoriasis has been demonstrated in previous studies. [8, [53] [54] [55] [56] Lastly, more frequent hospital visits by patients with psoriasis than the general population may result in potential surveillance bias as they would have easier access to examinations, which might overestimate the risk of CP related to psoriasis. However, laboratory examinations (amylase/lipase) or imaging modalities for CP, were not a routine procedure performed during the therapeutic monitoring of psoriasis.
In conclusion, our nationwide study demonstrated that patients with psoriasis are at a significantly elevated risk of CP and the risk increased with severity of psoriasis. CP was thought to have a complex aetiology and the increased development of CP in patients with psoriasis was multifaceted and may be the result of several ongoing processes, including chronic inflammation in psoriasis, drugs, autoimmune pancreatitis, and genetic and behavioral risk factors. These results suggest the need for physicians to be aware of the pancreatic comorbidity associated with psoriasis and that earlier detection and intervention may reduce the significant morbidity and mortality in CP. Future studies are needed to better explore the pathophysiological basis underlying the relationship between psoriasis and CP, and to investigate the efficacy of systemic anti-inflammatory therapy in decreasing the risk of CP in patients with psoriasis.
Supporting Information S1 File. Table A . Hazard ratios for chronic pancreatitis in patients with and without (controls) psoriasis derived from different Cox proportional hazard models. 
